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SINGLE DRUM MULTIPLE SOIL REMEDIATION 
AND CLASSIFICATION APPARATUS AND 

METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part application 
of co-pending US. patent application Ser. No. 
07/908,903, ?led Jul. 2, 1992, now US. Pat. No. 
5,193,935 by Joseph E. Musil which is a continuation of 
patent application Ser. No. 07/638,046, ?led Jan. 7, 
1991, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to drum type contin 

uous ?ow aggregate processing apparatus and methods. 
The invention is advantageously applicable to continu 
ous ?ow soil remediation apparatus and methods, and is 
also advantageously applicable to such apparatus and 
methods using dual temperature zones. 

2. Discussion of Related Art 
Continuous processing of aggregate materials in 

drum driers and mixers has long been used in the pro 
duction of road surfacing materials, such as hot asphalt 
aggregate mixes. Using similar drums for continuous 
processing of chemically contaminated soil to restore 
the soil to an environmentally acceptable condition has 
recently come into use. 

Plant installations for remediating soil in continuous 
?ow processes provide the means for cleaning up soil 
contaminations resulting from leaking underground 
storage tanks of gas stations, for example. Recent ad 
vances in the soil remediation technology have shown 
that ?ow-through or continuous process apparatus for 
dry heat soil decontamination and remediation opera 
tions is a feasible alternative to known batch type opera 
tions and particularly to wet processing batch type 
cleanup operations. In the course of being decontami 
nated or remediated, the soil materials to be cleaned of 
hydrocarbon type chemicals are heated to the volatiza 
tion temperature of the contaminating hydrocarbons. 
One of the energy concerns in such a process is that 
hydrocarbon contaminants become vaporized over a 
rather broad range of temperatures. Therefore, to rid 
the soil of all hydrocarbons necessitates that it be heated 
to the highest temperature at which all hydrocarbons 
have become vaporized. 

Mixes of hydrocarbons of differing chain-lengths 
cause the temperature requirements to vary. Vaporiza 
tion temperatures vary depending on whether spills of 
heating oils or gasoline spills are to be removed from 
the soil. A soil remediation plant may need to accom 
modate hydrocarbon contaminated soils which become 
decontaminated only when heated to at least one thou 
sand degrees Fahrenheit. Other contaminated soils may 
readily be cleaned of contaminating chemicals at tem 
peratures no higher than ?ve hundred degrees Fahren 
heit, for example. Though it is possible to subject all soil 
with hydrocarbon contamination consistently to an 
uppermost required temperature at which even the 
most resisting contaminants become volatilized, the 
energy required to heat the bulk of the materials consis 
tently to temperatures higher than necessary is wasteful 
and may itself contribute to unnecessary air pollution. It 
is furthermore undesirable to have a remediated soil 
product which is discharged at temperatures much 
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higher than necessary to remove contaminants, and 
which then requires substantial time to cool before it is 
handled in further operations. 
Energy requirements for effecting soil remediation 

also are found to vary with the coarseness of the mate 
rial that is being decontaminated. Stone, or coarse ag 
gregate, which is considered to be a high-capacity heat 
storage material and which is also a relatively poor heat 
conductor, requires a substantial energy input to be 
come heated to a temperature at which hydrocarbon 
retained in its crevices will vaporize out. Energy re 
quirements are further complicated because in many 
instances “?ll dirt” containing substantial amounts of 
coarse materials may have been used to install some 
underground storage tanks. When the soil is returned to 
excavation sites after remediation, it is desirable to se 
lectively replace the remediated soil to provide surface 
soil with a minimum of or with no coarse aggregate 
content while subsoil may contain a much greater or a 
substantial amount of such coarse aggregate. 
Another problem or consideration concerning ?ow 

through decontamination apparatus or processes for 
soils pertains to the cleanup of hot gases which perform 
the soil remediation process and which are subsequently 
released to the atmosphere. Vaporized hydrocarbons 
tend to cause blue smoke if simply vented to the atmo 
sphere without further processing. According to cur 
rently known practices, vaporized hydrocarbons are 
routed toward the ?ame and are burned therein to re 
duce air pollution to acceptable standards, and to con 
tribute at the same time toward the energy required for 
generating the hot gases which heat the soil material. 

Because of the various factors that can affect the 
success of a commercial soil remediation operation, 
further improvements in processes and apparatus are 
desirable. Improvements are needed which address the 
above discussed problems and, at the same time, take 
into consideration the need to maintain compactness 
and cost ef?ciency in a soil remediation apparatus. 
These improvements would desirably further optimize 
energy requirements of such an apparatus for remediat 
ing soil of various aggregate sizes and conditions. 

SUMMARY OF THE INVENTION 

In accordance with the invention, a known drum 
drier and mixer type aggregate processing apparatus has 
been improved to provide an aggregate separator sys 
tem as an integral part of the operation of the drum 
drier. Typically a drum drier is expected to dry and 
then mix distinct aggregate materials in a continuous 
process into a single product. The drum apparatus, as 
modi?ed in accordance with the invention, permits 
constituent materials which differ in coarseness to be 
processed together, after which the materials are classi 
?ed or separated as part of the process within the con 
?nes of the drum. The processed materials are thereaf 
ter discharged as distinctly classi?ed aggregate materi 
als or products, which may, as a speci?c example, con 
sist of two distinct products, such as gravel and ?nes. 
According to a particular aspect of the invention a 

drum apparatus comprises an elongate, generally cylin 
drical drum which includes ?rst, second and third zones 
disposed lengthwise adjacent one another along a longi 
tudinal axis through the drum. The drum of the appara 
tus is mounted to rotate about its longitudinal axis. The 
drum also includes known flight means disposed for 
advancing material within the con?nes of the drum in 
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response to such rotation longitudinally in the direction 
toward the third zone. Burner means is provided to 
generate a stream of hot gases within at least the ?rst 
zone of the drum, the gases ?owing in a counter?ow 
direction to the general direction of advance of aggre 
gate materials through the drum. The third zone in 
cludes means for classifying and separating the aggre 
gate materials according to size. 

In a particular embodiment of the invention, advanta 
geous features of the invention include screen imple 
mentations disposed longitudinally within the drum and 
a plurality of discharge provisions. The screen functions 
to separate the materials according to aggregate size as 
they progress longitudinally through the second zone of 
the drum and to direct the separated materials to a 
designated one of the discharge provisions. 

Various other advantages and features of the inven 
tion will become apparent from the detailed description 
of the invention and a preferred embodiment thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The Detailed Description below may be best under 
stood when read in reference to the accompanying 
drawings wherein: 
FIG. 1 is a simpli?ed, somewhat schematic side ele 

vation of a counter?ow drum drier-mixer apparatus 
which is particularly adapted implement soil remedia 
tion and contains particular improvements in accor 
dance with the present invention; 
FIG. 2 is a fully schematic representation of the drum 

drier-mixer apparatus, illustrating particular process 
sequences of the present invention; 
FIG. 3 is a partial side elevation of an alternate em 

bodiment of the drum drier-mixer apparatus shown in 
FIG. 1, showing contemplated variations of the im 
provements according to the present invention; and 
FIG. 4 is a cross-sectional view through the drum 

shown in FIG. 3, showing particular material advanc~ 
ing means which may be employed in realizing advanta 
geous features of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

1. The Apparatus in General 
FIG. 1 is a simpli?ed, somewhat schematic side ele 

vation of a material processing plant or apparatus which 
is designated generally by the numeral 10. A material 
processing apparatus generally of a type illustrated in 
FIG. 1 might be referred to in the aggregate processing 
art as a counter?ow drum drier-mixer apparatus. The 
apparatus 10 features a single, elongate, generally cylin 
drical drum 12. A longitudinal axis 14 of the drum 12 is 
disposed horizontally or, more precisely, generally hor 
izontally because the drum is desirably set up at a small 
incline. According to known techniques, a small incline 
of the axis 14 with respect to the horizontal permits 
gravity to aid the ?ow of material through the drum 12 
in a generally downstream direction as indicated by an 
arrow 15. Material movement through the drum is pro 
moted by rotating the drum 12 about its longitudinal 
axis 14. The drum 12 is mounted to rotate on circumfer 
ential tires 17 and 18 which are nested and rest in corre 
sponding wheel support assemblies which are schemati 
cally indicated at 19 and 20, respectively. The wheel 
support assemblies 19 and 20 are, in turn, mounted to 
and supported by a main frame 21. A drive provision for 
rotating the drum may be separate from the wheel sup 
port assemblies but may also be integral with the wheel 
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4 
support assemblies 19 and 20. For simplicity, the drum 
drive is shown to be part of the wheel support assem 
blies 19 and 20. When set up for operation, the main 
frame 21 typically is supported with respect to the 
ground by jacks or other supports 22 and 23. 
The apparatus 10 is considered a counter?ow drum 

drier-mixer because of a gaseous flow direction opposite 
to the general direction of flow of materials being pro 
cessed within the drum 12. A burner unit 25 is disposed 
within the drum 12 which operates to direct hot com 
bustion gases in an upstream, counter?ow direction, 
opposite to the downstream direction of material move 
ment through the drum 12. Thus when the apparatus 10 
is operating, material would be introduced into an in 
take end or feed end 26 of the drum 12, as, for example, 
via a slinger type feed conveyor 27 or by other suitable 
feeder mechanisms. Hot combustion gases generated at 
the burner unit 25 advance from the burner unit toward 
the feed end 26 and exit through an exhaust chamber 28 
from the apparatus 10, as indicated by an arrow 29. 
The materials introduced by the feed conveyor 27 

proceed, aided by gravity due to the incline of the drum 
12, generally from the feed end 26 of the drum 12 
toward a downstream or material discharge end which 
is designated generally by the numeral 30. In addition to 
the feed conveyor 27 for introducing materials at the 
upper or feed end 26 of the drum 12, the drum has a 
further, intermediate feed chute or port 32 for adding 
materials to the drum intermediate of its feed and dis 
charge ends 26 and 30. The location of the intermediate 
port 32 along the axis 14 of the drum 12 is preferably at 
a position downstream of the burner unit 25. The inter 
mediate port 32 may be of a typical well known struc 
ture, similar to the known structures of such intermedi 
ate ports for admitting recycle material into recycle 
material asphalt production plants, for example. The 
intermediate port 32 features a typical collar type feed 
chutes structure which is circumferentially disposed 
about the drum 12 and may encase typical peripherally 
disposed intake scoops (not shown) in the drum, for 
example, to receive and direct material to the interior of 
the drum 12. Top access is shown by a typical feed 
hopper structure 33 through which material may be 
introduced into the drum 12. The feed hopper structure 
33 may have a typical funnel shape of a feed hopper or 
feed chute which guides introduced materials into the 
intake structure of the intermediate port 32. In further 
reference to materials, those materials introduced into 
the drum 12 at the feed end are referred to as ?rst or 
prime materials, while materials introduced at the inter 
mediate port 32 are referred to as second materials or 
secondary materials in distinction over the prime mate 
rials. 
FIG. 1 also shows a known baffle plate assembly 34 

which may be preferred to alter flow patterns of hot 
gases and the ?rst materials in a ?rst or heating zone 35 
of the drum 12. The operation and function of the baffle 
plate assembly 34 is described in US. Pat. No. 
5,067,254. In essence, by varying the angular orienta 
tion of one or two baffle plates 36, exposure of the ?rst 
materials to the hot gas stream becomes increased or 
decreased. In this manner the energy transfer from the 
hot combustion gases to the ?rst material may be con 
trolled, thereby controlling the amount of energy hav 
ing been absorbed by the materials when the materials 
leave the heating zone 35 of the drum 12. The feed 
conveyor 27 feeds the materials directly into the heating 
zone 35, the exhaust chamber 28 is formed for a feed 
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through of the ?rst material to be received within the 
heating zone 35 of the drum 12. The intake end of the 
drum 12, hence upstream end of the heating zone 35 is 
open to the exhaust chamber 28 to facilitate the receipt 
of the ?rst material within the heating zone 35. 
A second zone immediately downstream and adja 

cent the ?rst or heating zone 35 of the drum 12 consti 
tutes and is referred to as a mixing zone 37. The mixing 
zone 37 is isolated from the stream of hot combustion 
gases that emanate from the burner unit 25 in that the 
combustion gases progress from the burner unit 25 
toward the feed end 26 of the drum 12. In the mixing 
zone 37 the ?rst and second materials become mixed. 
Intermingling or mixing action by the drum 12 brings 
the extremely hot ?rst materials advancing from the 
?ame region of the heating zone 35 into contact with 
the second materials, as they are introduced into the 
drum 12 through the intermediate port 32. The decon 
tamination process with respect to the newly added 
second materials, consequently, takes place within the 
mixing zone 37 with heat energy supplied by the heated 
?rst materials to heat the second material introduced 
through the port 32. Heat transfer in the mixing zone 37 
is believed to proceed primarily by conduction and only 
on a second order by radiation of energy from the su 
perheated ?rst materials and somewhat by radiation 
from the burner unit 25. The heat intake by the ?rst 
materials should be carefully controlled to store in the 
?rst materials suf?cient energy to heat the second mate 
rials to a temperature at which all contaminants within 
the second materials become volatilized and are re 
moved. The heat output of the burner unit 25 directly 
upstream from the mixing zone 37 is consequently mon 
itored and adjusted to respond to changes in material 
feed ratios between the ?rst and second materials. The 
second material is heated and decontaminated while 
being mixed with the ?rst material within the mixing 
zone 37. At the same time, the superheated and already 
fully decontaminated ?rst material becomes already 
cooled prior to discharge. Main differences in the de 
contamination processes taking place in the heating and 
the mixing zones, respectively, are that the former de 
contaminates by exposing the material directly to the 
?ame and hot gases, while the latter decontaminates by 
indirect heating. The burner unit 25 “pumps” the heat 
needed for the indirect heat decontamination process 
into the ?rst materials, while the ?rst materials then 
transfer their heat to the second materials. 
The burner unit 25 is preferably a high output turbo 

burner which may be chosen to generate a flame with 
an energy output in a range of two hundred million 
BTU (British Thermal Units) per hour. A turbo com 
pressor 38 is disposed in a compressor housing 39 adja 
cent the downstream discharge end 30 or lower end of 
the drum 12. The turbo compressor 38 is preferably 
mounted to the main frame 21. A central duct or air 
tube 40 leads from the compressor housing 39, prefera 
bly centered on the longitudinal axis 14, into the drum 
12. The air tube 40 supports the burner unit 25 at its 
preferred position within the drum 12, communicates 
with the outside to provide secondary combustion air to 
the burner unit 25 and serves as a shield for primary air 
and fuel supply lines which are routed centrally 
through the tube 40 to the burner unit 25. 
Downstream of the mixing zone 37, and adjacent 

thereto, lies a third zone, a material separation or mate 
rial classi?cation zone 44 of the drum 12. The material 
classi?cation zone 44 is characterized as shown in the 
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6 
embodiment of FIG. 1 by preferably a cylindrical 
screen structure 45. The screen structure 45 would in 
general be of cylindrical shape and be disposed coaxi 
ally with the longitudinal axis of the drum 12. In FIG. 
1, the screen structure is disposed concentrically with, 
and within, an outer cylindrical solid wall 46 of the 
drum 12. Rotating action of the drum 12 raises the mate 
rials to seemingly move “up” the step during the ad 
vance of the materials in a general downstream direc 
tion toward the discharge end 30. An annular end plate 
47 lying within a cross-sectional plane of the drum 12 
caps off an annular space between the wall 46 of the 
drum and the screen 45. The annular end plate 47 also 
locates the upstream end of the screen structure 45 in a 
coaxial, hence, a concentric disposition with respect to 
and within the drum 12. The screen mesh size may be 
chosen, for example to admit ?nes and stones of less 
than 1 inch in size, for example. The admitted materials 
then make up a ?rst product. After ?rst product of ?nes 
has been separated from the bulk of materials by the 
mesh size of the screen structure 45, it advances within 
an annular space 49 between the screen 45 and the drum 
wall 46. 
At the discharge end 30 of the drum there are shown 

two adjacent, ?rst and second, discharge hoppers or 
hopper-and-chute combinations which are designated 
by the numerals 51 and 52, respectively. The screened 
out ?rst product or ?nes material moves downstream 
within the annular space 49, driven by the rotation of 
the drum 12, and is directed to the ?rst discharge 
hopper and chute 51, while the material which is more 
coarse and therefore unable to have passed through the 
selected mesh of the screen structure 45 advances 
toward the very end 54 of the drum 12 and is discharged 
into the second discharge structure 52, the chute and 
hopper 52. The classi?cation zone 44 of the drum 12 
consequently separates from each of the ?rst and sec 
ond materials the ?nes and small stones and classi?es 
the mixed materials into ?rst and second products 
which are discharged thereafter through the ?rst and 
second chutes 51 and 52, respectively. As may be real 
ized from the foregoing, it is contemplated within the 
scope of the invention to provide more than just the 
single screen structure 49 and to, alternatively, dis 
charge three or more separate products, as is schemati 
cally indicated in FIG. 1 by a third discharge hopper 
and chute 55. The third hopper and chute combination 
55 is depicted as an alternative, shown in phantom lines 
to indicate a possible location of the chute 55 with re 
spect to the drum 12. 

2. Operation of the Apparatus 
FIG. 2 shows a schematically simpli?ed representa 

tion of the apparatus 10 to best illustrate various phases 
of soil remediation or decontamination according to the 
invention. A substantial and advantageous use of the 
apparatus 10 may be realized seen by the fact that its soil 
remediation is based on a single drum apparatus. Hard 
to remove contaminants are subjected to the decontami 
nation within the ?rst or heating zone 35. Energy is 
supplied to the burner unit 25 to remove all contami 
nants. It is further desirable to accomplish such removal 
with a minimum of excess energy usage. Second materi 
als are added to the intermediate port to use up any 
excess energy to reduce the temperature of the super 
heated ?rst materials and to decontaminate the second 
materials. It is then further to then classify the reme 
diated soil by separating gravel or stones from the bulk 
of the soil. Such removal may be particularly desirable 
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when soil is being remediated to which gravel had been 
added prior to the soil becoming contaminated, such as 
by gasoline or oil spillage or leaks from storage tanks. 
FIG. 2 shows a ?rst material 58 which is taken from 

a supply of the ?rst material 58 (“MATERIAL I”) and 
is transferred or fed into the feed end 26 of the drum 12 
and enters the heating zone 35. Continued downstream 
movement of the material 58 through the drum 12 is 
effected by rotation of the drum 12 about its longitudi 
nal axis 14. Hot gases flow through the heating zone 35 
in a direction opposite to that of the general ?ow of the 
?rst material 58, a hot gas stream being shown by the 
arrow 59. The stream 59 of hot gases dries and heats the 
?rst material 58. The ?rst material 58 may contain a 
signi?cant amount of ?nes as well as stones ranging 
from insigni?cant sizes to an about one inch size or even 
larger. In a described soil remediation or decontamina 
tion process, the materials are to be heated to a tempera 
ture at which contaminants, such as hydrocarbons ab 
sorbed into and contained within the soil, become vola 
tilized and are removed from the soil. Soils samples may 
be tested prior to treatment to determine a minimum 
temperature and a minimum time beyond which soil 
contaminants have substantially vaporized and have left 
the soil. Such preliminary testing may provide needed 
information which permits the bulk of like soils to be 
remediated at a minimum energy cost. Only required 
amounts of combustion gases are exhausted into the 
atmosphere. I 

The stream 59 of hot combustion gases is exhausted 
from the drum 12 via the exhaust chamber 28. A strong 
gaseous movement emanating from the burner unit 25 
not only vaporizes hydrocarbons from the ?rst material 
58 or ?rst soil introduced into the drum 12, but also 
carries off much of the ?ne soil particles of the ?rst 
material 58, soon after the ?rst material 58 enters the 
heating zone 35. The stream 59 carrying the ?nes or 
dust particles is routed to a dust separator which may be 
a known centrifugal or cyclone separator or a combina 
tion of such a cyclone separator and a well known bag 
house ?lter, any combination of such ?lters being indi 
cated generally by the ?lter function 61 (“FILTER”). 
From the ?lter 61 the cleaned gases are exhausted to the 
atmosphere as indicated by an arrow 62. Fines 63 which 
have been ?ltered out may be returned to the process to 
be mixed with the remainder of the ?rst material 58 
after such remainder has been heated to a ?rst tempera 
ture at which hydrocarbon contaminants have become 
vaporized and have been burned within a plume of 
luminous gases which constitute a ?ame 64 emanating 
from the burner unit 25. The ?ltered out ?nes 63 are 
preferably returned to the heated ?rst material via the 
intermediate port 32. The process of decontaminating 
soil in a stream of hot gases, ?ltering ?nes of the soil 
from the stream and returning the ?ltered ?nes to the 
remaining soil to recombine them with the soil has been 
described in detail in a copending application, Ser. No. 
07/908,903 ?led Jul. 2, 1992 by Joseph E. Musil, which 
is a continuation of application Ser. No. 07/638,046 
?led Jan. 7, 1991, now abandoned, the invention of the 
prior applications being assigned to the assignee of this 
application. The referenced copending application dis 
closes particularly that recombined dust particles or 
?nes experience a reheating by heat transfer from the 
heated base material within the apparatus. The reheat 
ing tends to vaporize contaminating hydrocarbons 
which may still be associated with the ?nes when the 
?nes are carried off in a strong gas ?ow immediately on 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
being fed into the apparatus. The recombination of the 
?nes with the rest of the soil occurs in a region of the 
decontamination apparatus whichris substantially de 
void of gas ?ow. The substantial absence of gas ?ow 
allows the ?nes to be recombined with the soil rather 
than being carried off again by strong gaseous currents. 
Second materials 65 are those that may contain con 

taminants which are relatively more volatile than those 
in the material 58. Also, the second materials 65 would 
be generally less coarse materials than the material 58. 
Consequently, the second material 65 is more readily 
heated to the volatilization temperature of the included 
hydrocarbons than the ?rst material 58. The second 
material 65 is taken from a supply of such second mate 
rial 65 (“MATERIAL II”) and is introduced into the 
drum 12, together with any returned ?nes 63, through 
the intermediate port 32. The generally smaller particle 
size of the second material 65, and the inclusion of the 
returned ?nes causes the point of introduction of the 
second material 65 to be desirably downstream, hence 
away from, the hot gas stream 59. The second material 
65 enters the mixing zone 37 to advance further through 
the drum 12 in the direction shown schematically by 
arrow 66. The heated ?rst material 58 flows generally 
through the drum 12 as shown schematically by arrow 
68. The mixing zone includes those ?ights which are 
typically known as conducive to furthering the materi 
als to mix, as shown by ?ights 67 shown schematically 
in FIG. 3. Referring back to FIG. 2, in the mixing zone 
37 the ?rst material 58, any returned ?nes 63, and the 
second material 65 become thoroughly mixed into a 
single material as indicated schematically by the arrow 
70. Heat is transferred from the heated ?rst material 58 
to the second material 65 to volatilize any hydrocarbons 
in the second material 65. Vaporized hydrocarbons and 
any water vapor is shown schematically by dashed 
wavy arrow 72. It is to be noted that there is essentially 
no gaseous movement within the mixing zone 37, except 
the escape of the vapors generated by the heat transfer 
from the ?rst material 58 to the second material 65. 
Toward the downstream end of the mixing zone 37 the 
heated ?rst material 58 is suf?ciently cooled to be dis 
charged from the drum. 
At the downstream end of the mixing zone 37, the 

mixed materials enter the third or material separation 
zone 44 of the drum 12. FIG. 2 schematically shows as 
an example the separation or classi?cation of the mixed 
materials into ?rst and second products 74 and 75, re 
spectively. The ?rst product 74 (“PRODUCT I”) con 
stitutes the ?ner, screened product. The ?rst product 74 
is the “screened product” that has been admitted 
through the screen structure 45 and has been separated 
from larger sized, remaining material, as shown by 
arrow 76. The second product 75 is consequently com 
prised of primarily coarse materials, namely those that 
did not pass through a selected mesh size of the screen 
structure 45. The second product 75 is shown to ad 
vance to the end 54 of the drum 12, to be discharged 
from the drum as shown by arrow 78. 
As a modi?cation of the described process, portions 

of the ?rst product 74 may be allowed to cool and may 
be introduced into the intermediate port 32 together 
with ?ltered ?nes 63 when no other second material 
with relatively volatile hydrocarbons is available. In 
such latter modi?cation, the main purpose of the re 
introduction of the cooled ?rst product 74 is to cool the 
?rst material 58 when it becomes mixed with the prod 
uct 74 in the mixing zone 34. 
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FIG. 3 shows an alternate embodiment of the drum 

12, and particularly shows a modi?cation of the mate 
rial separation or classi?cation zone 44 to provide for 
the discharge of three separately classi?ed products. At 
the upstream end of the materials separation zone 44, 
the diameter of the drum 12 may be enlarged, for exam— 
ple. Diametrical enlargements of drier drums are gener 
ally known to provide additional drum volume when 
needed. A diametrically enlarged wall 79 of the drum 
12 is mounted to the drum by an annular end plate 80 
which in end view de?nes an annular space 81. Along 
the radially inward boundary of the space 81 a continua 
tion of the cylindrical wall of the drum 12 is a screen 82. 
Fines, such as the returned ?nes 63 discussed in refer 
ence to FIG. 2, may, for example, be separated through 
such upstream or ?rst screen 82. A plurality of auger 
plates 83 are disposed circumferentially, and preferably 
uniformly, spaced, on the inside of the drum 12 within 
the space 81. The auger plates extend in one dimension 
radially inward from the inside of the drum 12. In an 
orthogonal direction to the radial dimension the auger 
plates are preferably helically skewed with respect to 
the length of the drum 12. 
The auger plates 83 serve both material processing 

and structural functions. First, the helical skew of the 
auger plates 83 about the central axis 14 of the drum 12 
causes the screened-out material to be advanced toward 
the downstream end 85 of the annular space 81 to be 
dumped into a ?rst annular discharge hopper 86 to be 
discharged through a corresponding chute 87. A second 
purpose of the auger plates 83 is to provide support for 
the screen 82 in that the screen panels 82 rest on the 
auger plates. The auger plates 83 also support any fur 
ther downstream separation stage. An annular end plate 
88 may be mounted concentrically with the central axis 
of the drum 12 next to the downstream end 85 of the 
space 81. The radially inner ends of the auger plates 83 
support the annular end plate 88, and further support a 
solid, cylindrical continuation wall 90 of the wall of the 
drum 12. It should be realized, however, that the cylin 
drical continuation wall 90 need not be coextensive of 
the wall of the drum 12, but may be of a diameter other 
than the diameter of the drum 12 in general. Auger 
plates 91 extend within an annular space 92 generated 
by the annular end plate 88 and the wall 90. The auger 
plates 91, in turn, support and concentrically space a 
further cylindrical drum wall section 93. Concentricity 
of each of the cylindrical wall sections 79, 90 and 93 
with respect to the drum 12 itself is somewhat critical. 
Close, yet rotationally non-interfering ?ts form part of 
the structural characteristics between the outer surfaces 
of the wall sections 79, 90 and 93 with respect to circu 
lar openings 96, 97 and 98 in respective discharge 
hoppers 86, 100 and 101. The hoppers 100 and 101 have 
respective lower discharge chutes 102 and 103. The 
concentricity of the drum wall sections is enhanced by 
?ights 105, 106 which bridge corresponding annular 
spaces 81 and 92. 
FIG. 4 is a somewhat simpli?ed cross section through 

the drum 12 at the annular space of the diametrically 
enlarged section of the drum. The auger plates 83 are 
shown as being disposed helically skewed about the air 
tube 40 extending centrally through the drum 12. The 
?ights 105 may be attached at one end to an inner sur 
face of the drum 12, at the other end to the annular end 
plate 88. The flights 105 may conveniently be used as 
hold-down stringers for retaining sections of the screen 
82. In the described embodiment, as shown in FIG. 4, 
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10 
the cylindrical form of the screen 82 or various sections 
thereof which make up the cylindrical screen become 
clamped between the ?ights 105 and the underlying 
auger plates 83. Referring back to FIG. 3, the ?ights 106 
may also become attached to the annular plate 88, and at 
their respective other ends, the ?ights 106 are conve 
niently mounted to an inner surface of the cylindrical 
wall 93. In the described structure, the ?ights 106 
would also serve to hold down screen 108 which brid 
ges the annular space 92. 
The screen 108 is of a larger mesh size than the screen 

82 and admits primarily gravel sized material which was 
larger than the smallest size admitted through the 
screen 82. The admitted material is advanced by the 
auger plates 91 and is discharged into the discharge 
hopper 100. Material which is not classi?ed by either 
the screen 82 or the screen 108 is advanced by the 
?ights 106 to the discharge hopper 101 and its respec 
tive chute 103. The structure including the screens 82 
and 108 is therefore capable of separating two product 
sizes from the bulk of the mixed product passing 
through the mixing zone 37, the remainder being a third 
product which will be discharged through the chute 
103. First, second and third products may therefore be 
discharged through the chutes 87,102 and 103, respec 
tively. The discharge chutes 87, 102 and 103 may be 
directed to alternately opposite sides of the drum 12, as 
shown in FIG. 3. Though a three-product discharge 
alternative has been disclosed as a likely alternate struc 
ture to the two-product apparatus and method de 
scribed with respect to FIGS. 1 and 2, mere two prod 
ucts may be preferred in many remediation uses. The 
more coarse product serves well as a subsoil material, 
possibly mixed with a portion of the ?rst or ?ner prod 
uct. The alternate embodiment shown in FIG. 3, may, 
however, be modi?ed to become a two product appara 
tus by either removing the screen 108 entirely or by 
replacing the screen 108 with solid plate in the cylindri 
cal con?guration of the screen 108. With the screen 108 
removed, the chutes 87 and 102 would discharge the 
?rst and second products 74 and 75. When the screen 
108 is replaced with solid plate, the chutes 87 and 103 
discharge the ?rst and second products 74 and 75, in 
stead. 
Various other changes and modi?cations in the struc 

ture of the described embodiments are possible without 
departing from the spirit and scope of the invention as 
de?ned by the claims. 
What is claimed is: 
1. A soil decontamination apparatus comprising: 
a drum disposed generally horizontally and sup 

ported to rotate about a central axis therethrough, 
the drum having a material intake end and a mate 
rial discharge end and including means for advanc 
ing materials in a downstream direction of the 
drum from the intake end toward the discharge 
end; 

a heating zone disposed within the drum adjacent the 
feed end, the apparatus including means for gener 
ating a hot stream of gases to ?ow through the 
heating zone toward the material intake end; 

means disposed at the intake end of the drum for 
receiving materials fed into the heating zone of the 
drum; 

a mixing zone disposed adjacent and downstream of 
the heating zone, the mixing zone including means 
for receiving a second material and means for mix 
ing the ?rst and second materials; and 
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a classi?cation zone disposed adjacent a downstream 
end of the mixing zone and extending to the dis 
charge end of the drum, the classi?cation zone 
including means for separating materials according 
to size into at least ?rst and second products and at 
least ?rst and second discharge means for discharg 
ing, respectively, the ?rst and second products at 
the discharge end of the drum. 

2. The apparatus according to claim 1, wherein the 
means for receiving a second material comprises a col 
lar type feed chute disposed longitudinally of the drum 
intermediate the material intake end and the discharge 
end for feeding the second material into the drum, the 
feed chute being disposed downstream of a stream of 
hot gases within the heating zone. 

3. The apparatus according to claim 1, wherein the 
means for separating materials according to size com 
prises at least one screen section disposed circumferen 
tially adjacent the drum and the ?rst and second means 
for respectively discharging the ?rst and second prod 
ucts comprise ?rst and second discharge chutes. 

4. The apparatus according to claim according to 
claim 3, wherein the means for receiving a second mate 
rial comprises an intermediate feed hopper and chute, 
the apparatus further comprising means for routing the 
hot stream of gases from the heating zone to a ?lter 
means, a ?lter means for ?ltering the hot stream of gases 
to remove ?nes of the ?rst material carried by the hot 
stream of gases from the heating zone of the apparatus, 
means for routing the hot stream of gases from the 
heating zone to the ?lter means, and means for feeding 
the ?ltered out ?nes from the ?lter means into the inter 
mediate feed hopper and chute. 

5. The apparatus according to claim 4, wherein the 
means for separating materials according to size com 
prises ?rst and second screen sections disposed circum 
ferentially adjacent the drum and axially adjacent each 
other, the ?rst screen section of a ?ner mesh relative to 
the second screen section disposed upstream of the 
second screen section, the apparatus comprising a third 
discharge chute for discharging the ?rst, the second and 
a third material. 

6. A soil decontamination apparatus comprising: 
an elongate drum supported substantially horizon 

tally to rotate about a longitudinal axis there 
through, the drum having an upstream material 
intake end and a downstream material discharge 
end and a downstream material ?ow direction 
through the drum from the material intake end 
toward the material discharge end, a material heat 
ing zone disposed adjacent the material intake end, 
a material mixing zone disposed downstream of the 
material heating zone, and a material separation 
zone disposed downstream of the material mixing 
zone; 

means for feeding a ?rst material at the material in 
take end into the heating zone of the drum; 

burner means for generating a stream of hot gases at 
the downstream end of the heating zone to flow in 
an upstream direction toward the material intake 
end and for exhausting the stream of hot gases from 
the material intake end of the drum; 

means for rotating the drum and for moving material 
within the drum generally in the downstream di 
rection toward the material discharge end of the 
drum; 
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12 
means disposed downstream of the burner means for 

introducing a second material into the mixing zone 
of the drum; 

means for mixing the ?rst material and the second 
material in the material mixing zone; and 

means disposed in the material separation zone for 
classifying and separating the mixed material ac 
cording to size into at least ?rst and second prod 
ucts. . 

7. The apparatus according to claim 6 comprising at 
least one screen disposed concentric with and interiorly 
spaced within the drum, and a plurality of auger plates 
angularly skewed with respect to the axis of the drum 
and disposed within the drum between the drum and the 
screen to support the screen, the screen having open 
ings for receiving the ?rst product therethrough. 

8. The apparatus according to claim 7, comprising at 
least ?rst and second discharge chutes disposed at the 
discharge end of the drum for discharging the at least 
?rst and second products. 

9. The apparatus according to claim 8, wherein the at 
least one screen comprises ?rst and second screen sec 
tions disposed axially adjacent one another, the ?rst 
screen section having a ?rst size mesh, the second 
screen section having a second size mesh larger than 
that of the ?rst screen section for separating and classi 
fying three separately sized products. 

10. A method of decontaminating soil comprising: 
feeding a ?rst material to be decontaminated into an 

upstream end of an elongated drum and moving the 
material in a general direction toward an opposite 
downstream end of the drum; 

heating the ?rst material in a heating zone adjacent 
the upstream end of the drum in a stream of hot 
gases to vaporize contaminants within the ?rst 
material; 

advancing the material out of the heating zone within 
the drum out of the stream of hot gases and into an 
adjacent mixing zone within the drum; 

adding a second material within the mixing zone to 
the ?rst material and mixing the ?rst and second 
materials, thereby heating the second material with 
heat transferred from the ?rst material to vaporize 
contaminants from the second material; 

advancing the mixed ?rst and second materials to a 
separation zone within the drum and separating the 
mixed materials into at least two products classi?ed 
according to size; and 

discharging the at least two classi?ed products as 
separate products at the downstream end of the 
drum. 

11. The method according to claim 10, wherein the 
step of advancing the mixed ?rst and second materials 
comprises rotating the drum and lifting the materials 
with ?ights internally disposed within the drum to 
move the materials toward a screen circumferentially 
spaced interiorly of the drum and screening a portion of 
the material through the screen toward a ?rst discharge 
chute as a ?rst material while advancing remaining 
material downstream to a second discharge chute as a 
second material. 

12. The method according to claim 10, further com 
prising exhausting the stream of hot gases at the up 
stream end of the drum, filtering ?ne dust particles from 
the exhausted stream of hot gases, and returning the 
?ltered-out ?ne dust particles as at least part of the 
second product to the mixing zone of the drum to be 
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mixed with the material passing through the mixing 
zone and to be heated thereby. 

13. The method according to claim 12, wherein the 
step of advancing the mixed ?rst and second materials 
to a separation zone includes separating the mixed mate 
rials into three products, and the step of discharging 
comprises discharging the three products through three 

5 

1O 

15 

25 

35 

45 

50 

55 

65 

14 
separate discharge chutes at the downstream end of the 
drum. 

14. The method according to claim 10, further com 
prising a ?rst of the two discharged products and re 
turning at least a portion of the ?rst cooled product to 
the mixing zone as the second material to be mixed with 
the materials passing through the mixing zone. 

* * * * * 


